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Introduction 


A Viveegondeel Trugs is composed of a series of rec- 
tangular or trapozoidal panels without diagonal members. 
It is named for its inventor, Professor Arthur Vierendeel 
eeecne University of Louvain in Belgium, ‘whis type of 
truss has been popular in HKurope, particularly in Belgium, 
Beimee 1596 when the first bridge of this type was build 
in that country. In the United States its use to date 
fges beon limited to concrete viaduct bents, small roof 
teuceed, and rigid frame foundations for buildimjgs. 14 
as been renorted that a bridge using a conerete Viercn- 
decl Truss system has boen built recently on the West 
Coast, but as yet there is no printed mattor available 
Sia eaat projcct.. 

The Vicrendecl prescnts an exceptionally good ap-~ 
pearancc, the climination of diagonals allowing a vory 
qiican Looking stmmeturc., Site slow adaptienwinythiic 
Gountry may be attributcd to two factors; (1) until ro- 
@enuly the only methods of solution were cxtremely long 
and tedious, sufficicntly so to discourasg,c only the 
mest able and exporicnecd in the ficld of structural dce- 
Sign, and (2) the usc of this truss has boon so limitcd 
in this country that vory few cxamples arc available from 
which te makc an intelligent investigation of the ocone- 


mac aspects of Whe problen, 
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METHOD OF SOLUTION 

The method of solution used throughout this 
fPecchs was Vn application of sdope deflection as outlined 
by Mr. A.» Amirikian in his "Analysis of Rigid Framcs', 
While there are other mothods available for the sone 
tion of Vicrendeel trusses it was felt that the procc- 
dure outlined by Mr. Amirikian was the simplest and most 
direct approach to the problom published to date. Inas~ 
much as his toxt has become a standard addition to all 
librarics of treatises on Indeterminate Structures, 
none of the dcrivations will be presented hore and only 
ferret Outline of the basic formuleac™and precedures 
will be giveni 

By way of simplifying the fundamental momont cqua- 
tion of a membcr having constant moment of inertia and 


modulus of clasticity 
Mi, 2 2ETI ( 26, ¢ 93 = 3A) = FM 
AB a A = AB 


the following abbreviatod form is used 


where 
ae B = 4EGR 
L 
A = 4 EO, R BEd 
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as Simpaificavicon is uscd throughout the solution 
mac groatviy reduces the tcodiousness of the morc complcox 
equations. 

UGemmeccnmectame tour of these beams to form a panel 
mioescorecs Of panels to form a truss, the interdcpen— 
@emec Of tho mombcrs and joints becomes prenounced, In 
Seer oO Consider tho effect of varying stirfinesses in 
memocrs forming or adjacont to a joint on both tho moment 
@omene joint and the deflection in the beam, expressions 
are developed for cach joint oncounterod. These expres- 
sions will be known hereafter as the Joint and Yeflection 
Equations. Likewise the moments obtained in the solu- 
oem Of ANY joint Will vary widely With the lape of —eic 
panel, moments and shoars applica and location of ep- 
Biication, and the stilfmesses of the panel wnder sean 
Sucoratvions In order to take those variables into con- 
Sideration, Load Constant Equations are derived for cach 
jJoume. Upon Se#ution of thesc Gaviations the load coms: 
iS equatod to the Joint and Defllecticonsequations weaich 
areetiaen solved) to find tho deflcetion ansles ei tio 
goints and ther dclivcetion of ghe adja@ecnt menibor., Ec= 
Cause of ite basine naturc the fumedemcental cxpresston for 
the load cenmetants of a tyoSikeal panole are repredueed nerc 


in “welreu. 
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©). §29 3: = Vi, = 8 
iy eat 4+ ie APB = Vilo = 1,) - Hh 
Substitumame Votro. (2 i ineia) 
(c) Ly + Mare (1l-m) (Mg ~ igr) = mit - Hh 
wiaer ec 
i = OVErbUENINe moment Of Une exwerme | Ponce: 
trken about the bottom of the penel, 
H = sherr, i.e., the sum of the laterel forces 
ebeve the panel. 
VY = vertic’™ | resctionw just abowe the botvemmy ou. 
of the panel. 
lee (CNG emomemirs et stew, 
-B = end moments at bottom. 
Q = velues of loed constent for soit or penel 
Wigeer conaiden- tion, 
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By substituting the right hend part of ecuation (c) 

in a previously developed sherr expression for a typiccl 
fornt 6CUstion we urrive at load constants for a typitcel 
jane | 


oeor Hh - mM 


(2m) TK“ ) 
Qof Az (nkj-ko){Bo-10t) 


Serena | ie 
(2=:n) pale , 
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(2-m)i(Ke - ka) 

marther imjortence is attached to eewation (c) inae- 
much as it acts es a check for the moment values ob- 
tained in th2 solution of any panel. 

The procedure for the solution of Vierendeel trusses 
is on adaptation of this single panel solution.» In order 
to evoid the difficulty of an exact solution the truss 
is first treated as ¢ system of seperate and independent 
wenmelis. Hach pancl is soiiyed or ite oma toad neglecting 
moment introduced from other panels vie the joints. 

To compensr:te for the error introduced in the original 
computation the solution isrereated, this time using 
the moments obteineda from edjacent .anels as the new 
load constants for the panel being solved. The proce- 
dure is repeated, again interchanging moment increments 
between panels. Inasmuch -s these increments diminish 
in size rapidly, two corrections will ordinarily pro- 
vide a solution of sufficient accurécy. 
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Mie “inal Moment will be the el ,ebrric swm of the 


Gricins | moment detcmminetion aad the suecessive in- 


- crements. 


for the Vierendeel truss used in this design with 
Mil loeds a)Lplied *«t the _anel points and the ,per 
and lower chords having the srme stiffness ratio, the 
fe@bect ion anzles of the so. chord joints wil: equal 
igece Of the res;ective bot .om chord joints, end the 


Meens end deflection ccuetions become: 


#t. ~ (3 - 2m)(nk. - ke} B = -4 
Zz ae oe 
i bas 1,54 -(3 ba! 2m) ke B bed 


& 
2(2 - m)_ 
Ke = (3 == m)Ke As =e 
a» ele = m) 
R, = (3.2 mA - (3 - 2m)B - 4) 
ake - 


These equations, with ap zropriate K rnd angle notation 
are set up for each of the eizht panels and ecueted te 
the corresz,onding loed constants as obtrined from the 


following formulee: 


=tiy (nky = Ko) (my = Hy1}) 


a ee ee eee, honeene eS 


ete -m 2 


-S3 = (Hyd, - mt) 
ie Se 

QR1 = Js) oe = TH 4 
Be omy Ry 
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Remo Sous liond ir AvengdsS obtcined from the solu- 
ference of thusé acts of e Wetions ere then solved 
simultaneously end th: value for Ry, determined. ‘Sub- 


Stituting= an the fumdement- 1 moment formnlac 


Mip = K (A 4B = R1) 
E 

im 2K VB 2. ~ Ay) 
2 


Qo Grieinr tl moriont © dwes TOR th. gancl ore Ghteaaed. 
These moments ere then corrected end the sum of the 
Seu inel moment ;1lus corrections Bive us the fined 
moment values. 

[nt luenee ines were plotteca for the fitne 1 Wee 
ment values -nc design Woments besed of] (he combimed 
ieadings of one T-~60 rreilroad preaieand one lene wr 


H15 - Sle - 44 nighvey loading were computed. 
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PURPOSE 


The purpose of this investigation is to detur- 
igeie tlicwin: uence of the essumed Stitifnesses of che 
memoecs Upon the evyentue 1 desi of the trues. 

im eno desien of a Vierendecl truss by the mme- 
trod oreviolsiy describec, the first stop is to 
Pooum. =. beGic trvse -nd lordin., system. A solution 
im theme worcod [or ChiG priuermy syoten, cerrected 


fon tme acturl lLoeos “ad conditiome, cud the somu-= 


eee 


irom TO VeOLCA TIL eT Uropriete Conrections to 2mm 
Py the Finel design, use ll threc or more solmiaene 
iDemes revulreds 

Upon emberiins upon this Gye of solmumon sat te 
engincer is feced with two fundamental assumptions, 
(e.) the lor ding to be weed, end (pb) the stirfinesecc 
to select for his siemens. Wao first Oo: Uiescena, 
be handled in the convention:1 menier, i.e. assume 
y Loedin, Of one kip Pad cempitve velucs for plows. 
intfduence Tines to which he my lawer avpliy his ede- 
Sign lords, 

The Sceéond esstimption, seloe@@imeg appropriage 
TU eMesscaior are He@Rees peeeents o more diiia- 
Crit pron lcm. ihortuiatciv ce little materi: 1 aes 
been published on Vierendcel trusses in this covn- 
Cuvee t Gmero TS lite leste suide Mim i inismaten. 
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hiccwes Wie rerety of thie type of structome ir 
mio Oni buC st bes Telecs .t extreme’, vuniikely thet 
Memcoulen Gouc im sur “seri detr on exisving vrls¢- 
PoeGuetimanty cc. Ofvio2sly Tf 1S Uj. to the eels 
Mecr to make suck «ssunntions as 4: eeua fit a 
Wieder to do tiis prcyeriy he should, cf covrse, 
Weve aoe fdvenced Lrothue2e OF 8G disusibplior 
of moments throuzhovt 41. truss in order thet he 


egusd correctly proportion his stifinesses to thier 


eemnopricte moments. Wwrevieus Gxperiecnce lack 
Wie, Me will be foreed to testimete the probanme 
morent intensities end select stiffnesses accord- 
timely. This procedure leewes meh tc {ee deamred, 
HOr regerdicss of © men's Preeylous (exper reme Bee 
Yemnet to be cxpected that heseould@elosely appao7— 
imete the distributiom of moments in © “ruse wer— 


tirely unfemiliar to ham emd ais stir ness weap 


@) 


weit bier subject to the seme deercer of wuicerteiniy. 
The Gwestion nots ©riieeecs Wo the fheerece ia 
which the assumed velues of stiffnesses will «ffect 
imc SOM OMe “b> ENG Se. OC Tai be WoGedepias 
tac ctatiueds CSbbor N BETS wim four of them@six 
Dasic GC UWclMels ter the soluviom, snd it mieht be 
supposed thet -eny@ide variction in the title end 


assumed values of K woulda produce © similer 


varieiion itm the Hmementeyve les Obtr inca, Goleman ice 


pwr poste Gf “Ghee Gacsis To determine th. eftect of 
woaecis veeeain. Stafiness vrlues upon memeits ia. 
Cypweca Weemerideed truce. The Case sulecteda was 
Morea 210 Gmooc Iift sucn for @ Bift bridge -cross 
piemwomatremee Co! hrrbol inlet, The anen is to 
Goimeag ToC ene Of hiahWy trepfrig@cn erch side or 


oo 


oe Sinelo tretk Stoviderd eouge railweys 
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@imet SOmuUriON 
Hor tie fist se@lwiiom K velucs ere cheren pri- 
foamy Irom Simple pro) cms secemp¢ ry; in., @nm ¢rtecic 
peeve Cremeccol trusses by “Yr. Dan Youle in the 193% 
Pmeseceaimss Of mame ALS. CC. E. Whetnur cr ~: & Dee 
[pias anvem@carn t tos tstafiness velie: 1 1.17 peor - 
mmestOuld closcly c.upromimste Pemie, ccnditi.ns is 
ueenown. On the condition th-t these ve lucs#might 
(ip ra@mimowc the trend of moment distribution, oum 


assumed velues were meade to follow = similer pettern 


a) 


6i vorictien, 
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SDUCOMD SOnUTION 
For the second solution the values of iS were 
arrived at by using the moments obtained in the 


fast Solution, Since 


ey. Mc 


¥ 
2S = -- 


L Biol 
ime Wes possible to solve directly for a value of 
¥%, inasmuch as members of constant depth (30") were 
prol.osed to improve the apLtearance of the truss sand 
meend I were knotn veaives. In this way it wes 
possible to cetermine the effect of closely aprrox-. 
imating moment and stiffness velues throughout the 


truss, 


TiLKD SOLUTION 

for the third solution all KX valucs were cssumed 
Ue BU UnMy. It was Cult thet @@nce VaR Woncn: «rc 
stiffness values very througheut the truss tut by 
hetding one of these constant it might -.«  .ossil@be +> 
@eecrve tRe veri-tion of the @tmer, I. this Wy thu 
stiffness velues of the seeéond set of computrtions 
Or ony truss might be made te Glescly “pprexime te 
ene stifinesses required Dy the aetur.d mements « ne 
thus expedite and sim lify the Tinel design ef the 


truss, 
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FOURTH SOLUTION 

vor pumpesee “ol contrea@t the stiffness values of 
the fourth solution were taken exactly opposites ic 
these Or the first Solution, Im other werd; the sam: 
numerical values were used but varying : «n inverse 
order of the first solution, In this -my it was 
hoped to observe the effect of the direction of voxr- 
jations of stiffness values upon the moments com- 


puted. 
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#6r purposes of clarity the tabulated results 
of the moment solutions have bDven put in ,raph form 
on the following pages. ‘Taking web ond chord members 
seperately the velues of moment and stiffness were 
eonuved for eech member for © given solution. The 
plotted points were then connected in order to in- 
dicate the trends of variation of both moment and 
stiffness. With one exception the moments end stiff- 
messes 2s plotted represent the actual values ob= 
tained -nd used in the solution. The one exception 
is in the cese of the second solution. Here the 
values of K ranged from 200 to +7 and would have 
been et best unwieldy to plot on the scale «<dopted. 
Inasmuch as the numerical value of K eppears to aff- 
ect the solution only in its relative size compared 
©O the other K velues the Hs for this solution Were 
plotted on & reletive scales By taking K = 47 as 
unity the other K velues were reduced to the seme 
reletive scele by dividing by 47, greatly simplify- 
ing plotting opere.tions end presenting a better me- 
thod of comyz.rison with the other solutions. 

In exemining the first solution curves there 
is little evidence to indicate eny direct relation- 
ship in the varistion of the K values assumed end 
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the moments obtained. In the case of the web members, 
cC* anc DD' have similer relationships of moment and 
stiffnesss There is en inverse relationship occurr-~ 
ing in the case of the other three members. As for 
the chord members, the inverse relationship exists 
throughoutj high moment values accompenying low 


stiffness vélues end vice verse, 
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FIRST SOLUTION 


WEB MEMBERS 


AA BB cc 


CHORD MEMBERS 


AB BC Dd 


The second solution represents a case in which 
the general trend of moment values closely follows 
the trend of the stiffness velues assumed, with the 
sole exception of member DE. It is to be noted 
fet tierce is ne proportionelity or direct rélation- 
ship between the values of K and M&. While the pic- 
ture thus presented might seem to indicate a gener- 
¢1 tendency for moment vrlues to follow stiffness 
assumptions, it must be remembered thrt the stiff- 
ness values for this solution were obtained direct- 
ly from the moment velues of the previous solution. 
In effect the moment values have chi nged but little 
and by the nature of their -ssumption it is to be 
expected thet the stiffness velues would very in 


much the same way as the moment values. 
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SECOND SOLUTION 


WEB MEMBERS 


AA BB CG DO EE 


GHORD MEMBERS K 


AB BCG CD DE 


The third Solution i wnicue in thet it presents 
en unvarying stiffness curve, all values of K being 
unity. Be us to be noticed thet in neither sime nor 
pettern of variation do the moment velues differ sub- 
Suemtiaolly from the previous solutions. At no plece 
So clunecr Of the moment curves display «my Ceudency 
to follow or parallel the trend of the K velues ass- 


umed. 
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THIRD SOLUTION 


WEB MEMBERS 


AA 8B Cc’ DD EE 


CHORD MEMBERS 


AB BG CD DE 


The fourth solution graph represents a system 
of stiffness velues essumed in an exe.ctly inverse or- 


der of those chosen for the first solution. Contrary 


to the results obtained in thet solution we now find 
thet the chord moments tend to follow the same gen- 
erel prttern as their corresponding K values while 
the web members follow = completely dissimilar path 
Hrem their K values. As before ther. is but little 
variation in either the size or trend of the moments 
obteined as compnred with the resultant moments of 


the first solution, 
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FOURTH SOLUTION 


WEB MEMBERS 


An’ BB ete DD EE 


CHORD MEMBERS 


AB BC co DE 


CONCTUSI ONS 

The results obteined from the four solutions 
presented”show but one common trend, i.e. in no 
case do the resultant moments of eny solution dif-~ 
fer widely from those of eny other solution. Cdone- 
versely the stiffness values assumed for any one 
solution differ widely from those of 211 other 
solutions. No relating tendencies are disclosed, 

2 lower stiffness velue does not in every case 
bring c lower moment nor does a higher stiffness 
velue displey eny significant effect on moments 
obteined. Likewise «: chenge in the direction of 
variation of stiffness values seems to have little 
effect on the moments obtcined. Therefore it must 
be @oncluded thet the @@z6, direction, or Wecrec 

of variction of assumed values of stiffness of men- 
vers does not matericlly affect the moments obtecined 
in the first solution of «= Vierendcel truss by this 
method, 

In view of these conclusions it is recemmended 
that in the solution of trussts by this’ metnom tne 
first solution be worked ‘ith the assumption of -1l 
K velues es unity. Such an essumption would permit 
a Simpler end cuieker solution of the trues with no 
loss of accuracy. 
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